Adopting both linear and nonlinear Granger causality tests, we find consumer attitude indices of the University of Michigan's surveys are very useful in predicting consumption movements of the United States.
Introduction
Predicting future consumer expenditures can be critical for successful business performance (see, for example, Kotler (1994) ). Lilien and Kotler (1983) , Georgoff and Murdick (1986) , and Kotler (1994) have suggested that consumer attitude indices, such as the widely used Index of Consumer Sentiment (ICS) and Index of Consumer Expectations (ICE) of the University of Michigan, could be invaluable tools in anticipating future consumption. However, Makridakis and Wheelwright (1989) question the usefulness of these indices for forecasting.
An empirical investigation of a Granger causal relation between consumer attitudes and consumption is helpful in determining whether consumer attitudes are useful for predicting consumption. If consumer attitudes Granger cause consumption, they can be shown to contain useful information for predicting consumption, and they should be included as forecasting variables in various consumption forecasting models. Accordingly, the conventional linear Granger causality test has been adopted frequently in the literature to determine such issues empirically. Using ICS and ICE data, Throop (1992) finds that consumer attitudes Granger cause expenditure on durables but do not Granger cause expenditure on nondurables and services. Huth et al. (1994) find that these indices Granger cause total retail sales and retail sales of automobiles, durables, nondurables and house sales. Using the index data from the University of Michigan and the Conference Board, Eppright et al. (1998) find consumer sentiment and expectation indices Granger cause retail sales of automobiles and total retail sales of durables and services. More recently, using consumer confidence index data for Germany, France, the Netherlands and Belgium, and ICS data for the United States, respectively, and find that consumer attitudes do not Granger cause retail sales in these four countries and similarly for total consumption and consumption of durables, nondurables and services in the United States.
Though many researchers have adopted the linear Granger causality test to investigate the usefulness of consumer attitudes in predicting consumption in different countries, their analyses have neglected the possible nonlinear relation between these variables. This is because the linear Granger causality test has low power to detect nonlinear causal relations among variables (see, for example, Baek and Brock (1992) and Hiemstra and Jones (1994) ). Thus, the power of consumer attitudes to predict consumption may be overlooked by relying solely on the linear Granger causality test.
In order to circumvent the limitations of the linear Granger causality test, this paper adopts the nonlinear Granger causality test, as developed by Hiemstra and Jones (1994) (hereafter, HJ) to examine the nonlinear Granger causal relation from the consumer attitude indices, ICS and ICE, to consumption expenditures in the United States. This test has high power to detect a nonlinear Granger causal relation, which could be overlooked by its linear counterpart, between the economic variables. Because of this advantage, it has been widely used in the literature (see, for example, Hiemstra and Jones (1994) , Abhyankar (1998) , Silvapulle and Moosa (1999 ), Ciner (2002 ), and Huh (2002 
Data and Methodology

Data
Real monthly consumption data in the United States are collected by the United States Bureau of Economic Analysis, an agency of the United States Department of Commerce.
The data measure the goods and services purchased by persons resident in the United States. Four consumption series are analyzed, namely, total real personal consumption (RC) and its three components, real consumption of durables (RD), nondurables (RND), and services (RS). These monthly time series data are quantity indices and are seasonally closely with each other, but they do not display a deterministic trend.
Methodology
This section presents the methodology adopted to investigate the nonlinear causal relation between consumer attitudes and consumption. The first sub-section briefly introduces the linear Granger causality test, and the second sub-section presents the nonlinear Granger causality test.
Linear Granger Causality
In order to test for a linear causal relation between consumer attitudes and consumption, we proceed in the following manner. First, we apply a unit root test to examine the stationarity property of all six data series. If any variable is (1) I , it is necessary to use first differences to ensure that all variables in the bivariate VAR system are stationary. We then adopt the following VAR model to test for Granger causality:
1 ICS and ICE are constructed by the Survey Research Center at the University of Michigan. Every month the center asks approximately 500 respondents to answer five questions. The questions are concerned with the current and expected personal financial situation and current and expected overall economic conditions. The center constructs ICS based on the survey results of these five questions and constructs ICE based on the survey results of a three-question subset (those three questions are forward-looking questions) as a weighted average of the relative scores (percentage of favorable answers minus percentage of negative answers, plus 100 
Nonlinear Granger Causality
The nonlinear Granger causality test developed by Baek and Brock (1992) was modified by Hiemstra and Jones (1994) . This approach postulates that, by removing the linear predictive power in the VAR model given above, any remaining incremental predictive power of one residual series on another can be considered to be nonlinear predictive power. A nonparametric statistical method is then proposed, using the correlation integral, which is a measure of spatial dependence across time, to uncover any nonlinear causal relation between two time series.
Consider two strictly stationary and weakly dependent time series,   
6 where ) Pr(  and  denote probability and the maximum norm, respectively.
In equation (2) The strict Granger noncausality condition in equation (2) can be implemented by expressing it in terms of the corresponding ratios of joint probabilities, as follows:
where 1 C , 2 C , 3 C and 4 C are the correlation-integral estimators of the joint probabilities (for further details, see Hiemstra and Jones (1994) 
where X . This test has very good power properties against a variety of nonlinear Granger causal and noncausal relations, and its asymptotic distribution is the same as if the test is applied to the estimated residuals from a VAR model (see Hiemstra and Jones (1994) ).
Empirical Results
In order to examine the stationary property of the six variables, Phillips-Perron（PP） unit root tests 2 are conducted and reported in Table 1 . It is found that both ICS and ICE are stationary, whereas four consumption variables are (1) I . Based on these results, first differences of the four consumption series are adopted to obtain the corresponding stationary series.
3 Then the VAR model is adopted to test for linear Granger causality from consumer attitudes to consumption, 4 and the results are displayed in Table 2 . As can be seen from the table, both ICS and ICE Granger cause real total consumption (RC), real consumption of durables (RD) and services (RS), but the two consumer indices do not Granger cause real consumption of nondurable goods (RND).
Before testing for nonlinear Granger causality in the residuals from the linear VAR, the Ljung-Box Q -test is conducted on the residuals from the VAR models to determine 2 Refer to Phillips and Perron (1988) for further discussion of the PP test. 3 The PP test and Granger causality test are conducted with the econometric package EViews. Please refer to its manual for more information on these two tests. 4 Studying the linear and nonlinear Granger causal relations from consumption to consumer attitudes is not the purpose of this paper. However, the results are available upon request.
whether any linear dependency remains in the residuals. The results of the nonlinear Granger causality test are reported in Table 3 . In general, we find strong evidence of the existence of a nonlinear causal relation from consumer attitude indices to consumption. To be more specific, a nonlinear Granger causal relation is found from ICS to the change in RC and RD, and from ICE to the change in RC. Of particular interest is the result that both ICS and ICE Granger cause RND, which contrasts sharply with the results based on the linear Granger causality test reported in Table 2 . Our empirical test results indicate that consumer attitudes can be very useful in predicting movements in consumption and should be included as forecasting variables in consumption forecasting models, especially nonlinear forecasting models. 
